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Foreword 



A.pupU*s experiences between Kages o le^pFoMtsly Shape-fris 

ultimate view of science and of the natural world. During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of science, this is the age at which most stu- 
. V dents first gain the abiUty to stud)^ science in a really organized way. 
Hcrc/too, the commitment for , or against science as, an interest or a 
vocation is often made. \ : ' . 

Paradoxically, the students, at this critical 4gc have been the ones 
least affected by the recent effort to produce new science instructional 
. * materials. Despite a number of commendable efforts to improve the 
situation, the middle years stand today as a comparatively weak link in 
^ence -education between the rapidly changing elementary, currtculum 
and the recently revitalized high school science courses. This volume 
and its accompanying niaterials represent one att^jmpt to provide a 
^ -«ound approach to instni<;tioh for this relatively uncharted level. 

At the outset de oi|anizers of the ISCS project decided tha^ it 
would be» shortsighted and unwise ;to try to fill the gap in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly established concepts 
about, how toteacK and jiist what science material can and should 
taught to adolescents. The ISCS staff have , tended to mistrust what 
authoritics'believe about schools, teachers, children, and teaching until 
we have had the chance to Jest these assumptions in actual classrooms., 
with real children. As^^nflicts have arisen, our policy has been to rely 
more upon what wesaw happening in the schools than upon what 
authorities $aid coujd or .wbuld happen. It is largely because' of this 
pdli(7 that the ISCS materials represent a substantial departure from 
the norm. . - . . 

The primary difference between the ISCS program and more con- 
ventioiial apjproaches is the fact that it allows each stud^t to travel 



at his own pace, and it permits the scope and sequence of instruction 
to vary with his interests, abilities, and background The ISCS writers 
have systematically tried to give ^he student more of a role in deciding 
Vhat he should study next and how soon he should study it. When the 
materials are used as intended, the ISCS teacher serves more as a 
"task easer" than a "task master." It is his job to help the student 

' answer the questions t.hat arise from his own study rather than to try 
to anticipate and package what the student needs to know. 

There is nothing radically new^n the ISCS approach to instnictidn. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
n«ed to personahze education. ISCS has tried to do something more 
than pay lip service to this goal. ISCS' Biajor contribution has been to 
design a system whereby an average teacher, operating under normal 
constraints, in an ordinary classroom with ordinary children, can in- 

~^deed~pve TrtaxiTtiimi' attcntion-to eaeh--stu€k>n4's ptogrcss. - 

The development of the ISCS material has been a group effort from 
the outset. It began in 1962, when outstanding educators met to deddi: 
what might be done to improve 'fniddle-grade science teaching. The 
recommendations of these conferences were converted into a tentauye ^ 
plan for a set of instructional materials by a small group of Florida 
' Stale University faculty iherabers. Small-scale writing scssiojris con- 
ducted on the Florida State campus during 1964 and 1965 resulted in 
pilot curriculum materials that were tested in selected Florida schools 
during the 1965-66 school year. All this preliminary work was suf>- 
ported by funds generously provided by The Florida State University. 

In June of 1966, financial support was provided by the United States 
Office of Education, and the prelipiinary effort was formalized into 
the ISCS Project Later, the National Science Foundation made sev- 
eral additional grants in support of the ISCS effort 
The first draft of these materials was produced in 1968, ddring a 

» summer, writing conference. The 9oiiferees were scientists, science 
educators,, and junior high school teachers drawn from all over the 
United Slates. The original materials have been revised three times 
prior to their publication in this volume. More than^ 150 writers have 
contributed the materials, and^more than 180,000 children, in 46 
states, have recn involvedt in their field testijig- 

^e sinccrffly hope that the teachers and itiidents wljio wil} use this 
material will%nd that the great amount of time, money, and effod^ 
that has gontuinto its development has been worthwhile. \ vo 

., • . / ; ■ 

Tallahassee, Florida The Directors 
< February 1972 \ . interrIediaIi science cuRRicuLuk study 
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Notes to the Student 



V. 



. . .tilis R«cord Book is where ^^ou should write your jutswers. 

* ^Vy to fiU in the answer to edcl^ .tjuestidn as you yomc tp it 
. 4Qr <iic Unes are not long eiiough for .your.ansWers^vsc the m^- 

. Fffl in-t£e blaftk tablw with the data fi-qm your Experiments. , 
And use the]^ds.to plot ypur graphs.'.Naturally, the answers - 
•. depend on w'hat /H^ -cpme before in the partifciilar cR^fisr or 

- ' •jexeursion. Do ypiir r^ing im the textbook and use tins book ' ' 
only for writing dpwn yput ailsyvers._ . '" 4 \ '.. V ; 



^ ■ 



* ^ 



V - 



Notes to the le^cfterr 



V Jl; 



In almost ev\;Ninsi'^Yi$5bi Vttr^^ * ' ^ . 1 ' '' ' ^^-^ 

- make. In these^ja^es, oi^er ani^^^^ ' -^L.-. ^ ' ^' 'V ^' ^ 



/ ■ ■ * - " ^ ' - 



% v.. 



r.. 



- V*-r, 



*< '- '7 



j— violet, blue, green, yellow, orange, red (Order is Ch3|3t6r 1 

important although it can be r eversed.) ThC |V\6SSag& 

— — • ■ ~~ ~ ^ Of Sunlight : 

^ ^J2^ Same; or exactly oppdsite ^ — ' ^. ^ ^ 



""t-n--^ Plastic disk; the disk^ alone in the sp ectroscope wi ll or^duce 
□1-a#; — — I ' — ' • — ^ . 

a round, sPread-out spectniTn: the c^Mt. alnn^ produnes nothing. 
Violet, blue, qi:.pen, yellow, oranae, red f^r versed orde^:) 
(No maj or difference between spectra, is an acceptab le ^nswer^ 
Students may see dark lines, in guQ's spectinimO' 

Violet r blue> qrebn, yellow, orang e . red (py reversed .order,) ' 
(Students shouid npticG- pi;onounced bright lines against.^ 



continuous spectrum ba qkqrnnnd^i.y 



Ql^^y ^pectrxam is too Jain t to be seen. 



t^Jm- Same answer .as for 1-6 J 
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□1-10. 




VMet * Bluer Green 



Yellow Orange Red 



PROBLEM BREAK 1*1 



If desired, you can up 3 
different combinations of the 
3 substances (U & Sr, Li & 
Na. Sr & Na) Lines wo.uld 
then be a combination of the 
lines tor 1-8. 1-9, and 1-10. 



□ 1-11- 



Violet 



^ (Lines depend on combination used,) 



Blue Qieen 



Yellow 



c , Orange - Red 



on 



combinaliorts used bv the teacher. 



CHECKUP 



' 1. Work is 
• force. 
^ - b. distance. 

fotcex dista'nce. 
d. .speed x time.- 

3. Energy can 
a. exist only in the • 
form of tieat. 
exist in more than 
one form. 
Vc be transferred from 

one system to another. 
Vd. realise. changes in matter. 



2. A measure of energy^ is 
m. force. 
Vb. force X distance. 

c. speed x time. 
Vd. work. 

r 

4. Energy is always 
^a. conserved. 

b. destroyed. 
Vc needed to overcome 
forces. 

d. a measure of the time 
needed to do work. 



Chapter 2 
Watts New? 



|--|2.i It will get hot. ° . ■ , 

Q ^^^ To roeasure how hot> ' * V , 

Yes (A change of 1^ to 4^ can be expected in 3 minutes.) 

Make it lees ghiny. _2 . 

Q2«9 Answers will varV (aboul: 25^ - 27 C) * 

r-t*^ Answers will vary (about 15^ - 20^ above room temperature). 
. Ij2f^.^ ] — : ^ " — 

J--J2.7 Answers will vary. ' , 

Qy,4, It is a good conductor 'of heat; it is easilv/.shap.ed (.tnalleable) • 
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data 



Table 2-1 



Figure 2-1 Students' graphs 
should approximate itv5 



Rgure 2*1 
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S.0 



□2-9.. 



Answer s will vary (dbouL minutes) .' 



□ 2-10.: 



The ainouut oi heat loi^t equaled the amount. u<iine(i 



□2-11.- 



Amount of time in the sut); a rea ot the copper stri p; ^ 
distance trom the liqht bulb; wattage the light bulb; angle 



at wliich light strikes the strip. 



Table 2-2 




1 — 

» 




Bulb 


1 

Original 

^ Temperature 


Maximum 
Tem|J>erature • 


Temperature 
Change ""N^^ 


60W 


.IS'C 






lOOW 








150W 




3,rc 





Taoie 2-2 These are sampite 
data 



□2-12.. 
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1 
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1, 


1 



Wattage 



□2-13., 



It increased. 



□2-14.. 



Answers will vary (about A^C) > 



• The temperature change would have been .less. 
□2*4g# ■ ■ ■ — 1 ^ — 



Figure 2-2. Students' 
graphs should approxi- 
mate this shape • 



Figuro 2«i 
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liiii 



This Probl.etn Uxeak is 
the fnost important, part 
ol" the' chapter. The 
answer5> deriv<^d ft cm it 
for^ tV^e bag is for the 
power iheasurement of the 
sun. r 



PROBLEM BREAK 2-1 



i 



6 



18 V . 



4 . 





Qraph for Problem Break 2-1 

TP 




Ptot)lf;ni UioaK ? 1 'Xaplis 
stiouid have ttus sn.nie 




25 30 35 
■ Distance (cm) 



Wattage is a variable and must be kept constant if the effect , 
of distance is being studied. \ ■ 



□2-17.. 
□2-18. 
□2-19. 



Answers will vary.(.6°-20°C). 



Answers will varv (6-15 cm). 

•> 

Answers will vary (4°C). 



□2-20 '^"^^^''^ ^^^^ ^^"^^ 



□2-21. 



4 (or 2 lOO-watt bulbs) 



□2-22. 



16 (16 times the wattage at 20 cm) 



□3-1. 

line. 



No: the sighting bar has to be moved in toward the sigl\tihg Chapter .3 ' 

Far-Out Sun 



10 




Q^2, '^l^^^^* c\cn closer u> ihc sit'hui)!,' hue 



p|3^^ Answer depends on pK^iction: ihc an^Mc \\\\\ decrease. 

□3.5.J^I!lii[L " \ ^ 

Pl3^ y^"^^'r^ will van, ^ 



na^y l^s too far to measure. 



ina^a. would increase the distance the rant^e Under can nica>>ure. 



"T 



■ Problem Break 3-1- Note 
the instructions for the 
student to check with you 

* before proceeding with the 
experiment. Are all factors 
but the baseline^ and the 
distance held constant? 

' How wili the measurements 
be made? ' 



PROBLEM BREAK 3-1 



It "would increase the analc. 



□ 3-10. 




-^4-2, 



No ' 



□4-3.. 



Answers will yarv./ 



r 



The base liqc is too shori; or the ^ighti^g angle is too. small. * Ch3pt©r 4 

Measuring the 

Distance to the 

Sun— Another 

Approach . 



ACTIVITY 4-1 



21 




□4-4- Figure V3 



-Earth here on day 1 
and day 365% 



□4-5. 
□4-6. 



Ve nu s t. r a ve L t a s t e r . 



.1 

The ai\qle between ES and PJV can ''bo used to (^escribe 
« — ■ > »•'' — ' ■ — ■■ • — ' ^- — ^ — — " 

the position of Venus with respect to the sun.. 



□4-7.. 



When- the line ot* siqht from Eartli to Venus, just touches 



but does not cut the orbit ot Venus 



^^^^ About 41 on the scaTe <irawino'. ^ ., 

r-iV« When Earth, ' Venus, 'and the sun are in line (O^) , 
LI 4-9. ^ — ^ 



/ 



ACTIVITY 4-6. 




Q^^^ Ansv^ers will vary (greater than 41^ if prbtt is Urggf than first 



drawmc, or less than 41" if orbit is drawn smallerj, 

^ 1 7 

Y« ^ 

^ 



□4-11. 



ACTIVITY 4-7. 



This 15-cm diameter circle 
and the litres and ang:es 
drawn on it. should t5e care- 
fully and accurately done 
The distances in Table 4-2 
depend on this scale draw- 
ing 



/ 



11 



CHECKUP 



C.J 



1 /6 ft 17 ft IS close enough.^ 



^ 3> h(l2-\5 ft is closg tnouah.) 



Q 4_1 2. About Zl mm 



3^ Aboui 1.24 million. milts 



Table 4-2 



■ . . ■ — ,, . , 


y^On Scale 


— .r — ^ 

Actual 




Drawing (mm) 


(miles) 


'Distance from Venus lo the sun 


54 ill 111 


67 million 

r » 


_ ^ — . 

Distance from Earth to the sun 


75 mm 


k 93 million 


Smallest distance between Earth 


21 mm 


26 million 


and Venus 







□4^14^ 54 mm: 75 mm 



□4-15.. 



million nnlcN: ^^3 million niilo^ 



Chapter 5 

How Bia , 
Is the Sun? 



□5.1.J2_a!l 



□5.2.- 42 cm 
□5^;j4_cm 



□lUA, Twice as b/g 



12 



□sut /»fe«.00Omilgs. ' 



?4 



ACTIVITY e-l. 




•y$9^ - 



Chapter 6 

The Fiery 
.Chari(^t 



Mea 5yu r erne iil*. o t the 
ap|>at\erit speed 'ot thd 
v>w\\ will be made on this ^"^ 
citc.le. Ther;etor<^ c^re 
should be -taken , to . ' 
.g<^t accurate dimensions. ^ 



7 



if 



i 



r 



13 



^^^^^ ci^^i^^V'^^p^v^^^ 




ttiMiiiiiyili 



•Ort the honzdn 



Ye5 



— 



0? 



pe-T.. 



Qjf the horiion 



ISO* 



— r 



PAOBLEM BREAK 6-1 



7 



V ' 



\ 



\ 




-9 ^ 



14 



■ ( 



26 



















































': " .r 




» • 




>* 













^ 




□6-10.. 



10** to 20** 



i million miltfs 



□•-12. 



I hour 



J— 16 to 32 tnm 



□•-14.. 



16 million to 32 miltion miles 



16 mtlliofi to 32 mttlion m\\ts per hour 



Q0^^0 L082 miles yer hour 



()~ 1 0 . (ieocjr aphic 
Location and time of day 
will alToc-t answeis.* 
r>t vuiont.f;' <Hisw€\s tor 
this .que^stion and also 
tor (>-li, 6-14/ and 6-15 
should fa.l 1 in the 
ranges shown • ^ 



PROBLEM BREAK 6-2 




Chapter 7 
On Your Own 



7 3 Many factors mtqht in- 
fluence sti^aents t;s!imatev 
Values ranging from 10 * to 
10 watis may be possiDit* on 
sunny days at noon the ex- 
act value for the sun is 
3.7 X 10-'^ watts 



□7-3. 



□7-4- 



2(M) walls 



MuIupK il b\ four 


4 


Answers w ill var\ . 


— — ..- ^ 

Sludcnls' answers sht^uld 


include ihe loUowini? conelusions: Siar 



A a>niains H and He: Star B contains H and ( a: star A is twice as 
lar tli)ni l:afth as star B: the eneri!\ received b\ the pxrhelionieler from 



star B is greater 



than from \tiir A: the wattage of'stiir A is greater than 



%\yd{ of star B. 



□7-5. 



□ 7-6. 



Answers will varv (about 43 million miles). 
Answers will van (about 2.335- milc<>). 
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28 




Excursions 



39 
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■IsrR ir'-« : • '-M: ■ :. •;-/i>ap¥f':f^r«*' ^-^-^v^ 





f 




□1. 



Viol«t 



Blue 



Green 



Yellow 



Excursion 1-1 

Those Strange 
Dark Lines 



A. 



Omnge 



Rad 



□2- 



'Vlotot 



Blue 



* Qraen 



Ykilow 



Oranbe 



Red 



Black lines in yellow region of spectrum 



Answers depend on predictions made in question 2. 




Ik 



.19 




Excursion 2-1 Answers mlUaiA 

Energy at Work 



□2. 



□3.. 
□4.. 



Answ CTN will var\ 



Answers will \ar\, 



Excursion 3-1 
The Moon's 
Measurements 



□1. 

□2. 



□3. 



□ 5- 



About 2 minutes 



About 2 minutes 



1.440 minutes 



Abt)ut 720 moon diameters 



2.()80 miles 



Excursion 4-1 iivi^,ooo miies 



What's Radar? 26,ocu,ooo mUfs 



26,000,000 miles 



Excursion ^^2 c 



Angles and 
Protr^tors 



□2.. 



No 



□3 Answers u^iil van/. 



V;- 



20 



□4, 



* ^.i^i^M 



□5. 



Table 1 



Figure 


Angle (-) 


A 


57' 


B 


2r 


C 


121° 


0 


10^' 


□«. 





115* 



□1.. 
□2.. 
□3,. 



1 cm = lOm 



4 cm 



40 m 



□4. A. 
B.. 



78!) -miles 



1.800 miles 



780 miles 



Excursion 4-3 
Scale Dj;awing^ 



21- 




Excursion 4-4 
Practice in 
Using Scale 
Drawings 



□1.. 

□ 2.. 



1 ."^.^O.nOo miU-s 



□3. 



□4. 



Vl.SOii.uOn mile-- 



Table 1 





Scale Drawing 


Actual Distance 




(Distance m mm) 


(in miles) 


Venus to Sun (VS) 


43 


('.^..--.K ).()( H) 


tarth to Sun (ES) 


60 




Earth to -^kpus (EV) 


17 


2 6. (.11 )().(.)()() 



Excursion 5-1 
l\/|ppn Gazing 



6 power 



Q2 lo prevent unwanted niotu>n in the telesci^pe 



□3. 
□4.. 



45 cm 



4 cm 



|— jg 1 1.25 power 



□6.. 



The imaae is inverted. 



.Answers will var\. but should indicate that the image need not 
Che ri«hi-side-"up for observation purpose.s. , 



□8.. 



Abi>ut 49 cm 



22 



□9.. 



1 1 X 34 



□1. 



5 davs 



□2. 



About c\orv 6 vcars 



□3. 



That part t>f' March in uhiwh there was a lull nuH)u 



Answers will vafv, ilf March 21 came on Saturday and the^e v\as 
a full moon that dav, then the first Sundav atter^ne first full moon on 
or after March 21 would be March 22. If March 21 came on Sunday 
and there was a full moon the day before. March 20, then the next 
fuU moon would be a lunar month lal<^r (29M» davs) on Sunday, April 18, 

and tl^^llst Sundav after that is April 25.) ' 

Qli The British did not accept Pope Gregory's decree. 



Excursion 6-1 
The Night That 
People Lost 
10 Days 



Theory of Copernicus 

Answers will varv. but should indicate thaf with the Ptolemaic 

theory it would ne\er be pl^ssible to see more than a crescent, of Venus, 
^ — • ^ J— , , ^ 

while with the Copernican theory all pha.ses from crescent) full would 
be possible* and this, in fact, is what can be observed. 



renter 



'16 



□3. 



•64 



I.500.0(>0.(M)(U)()0 limes' 



l^ \^ns^yjers will vi>fy C3 X lO^* w^ttc (o 5 V »0** warn). 



Excursion 6-2 
Matching Wits 
witti Galileo 



Excursion 7-2 
Using Squares 
.to Measure 
Distance 



23 





'You probably wonder what you are expected to learn in this science \ 
course. You would like to know how w^U you are doing^ This section 
of the- book will help you find out. It contains a Self-Evaluation for 
^, each chapter. If you can answer all the guestions, you're doing very 
wcU. 

V The Self-Evaluations are for your benefit Your teacher wilhnot use / 
^ the results to give you a grade. Instead, you will grade yourself, since ^ . 
;you arc able to check your own answers as you go along. 
I Here's how to use the Self-Evaluations. When you finish a chapter, 

take the Self-Evaluation for that chapter. After answering the questions, 

turn to the Answer Key that is at the end of this section. The Answer 
, Key will tell you whether your answers wclre^ right or wrong. 

Some questions can be answered in more than one way. Your answers" 

to these questions may not quite agree with those in the Answei^ Key. 

If you miss a question, review the material upon which it was based * 

befor^ going cm to the next chapter. Page references are frequently 

jpcluded in the Answer Key to help you review. 

On the next to last page of this booklet, there is a grid, which you 

caivvse to keep a record ^f your own progress. ^ ^ 



Notes for the Teacher 



/ 
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The following vcls of qucM!c>ns ha\c been dcsii^ned for self-evaluation 
bv \oiir students. I he intern of the self-evaluation questions is to-in- 
N>rni ihe student t>t lii^ pri»i:ress The answer^ .ite pio\ided tor the 
sTudenis lo i:i\e liieni positive reinu>icenK-nt, Km this reason it is un- 
portani that, each student be allowed to answer these quesii(>ns with- 
out leClm^ the pressures nornialK a>soeiated with testinii. We ask that 
\ou do not grade the student on an\ of the ehaptei self-evaluation 
quesiiiMis or 1n am wa\ make hnn teel that ihis is ,i eonip.irati\-e deviee. 

1 iie suidcni sluaild ans^wyr 'the questions lor eaeh chapter as ^oon 
as he linishes the chapter. Alter answering the questions, he should 
chock his answers inunediaieK b\ relerring to the aj^propnaic set of 
answers in the haek cM* his Student Record Book. 

1 here are some quesiuMis ilmi rcquiie planning or assistance tVoni 
the classi<)oin teacher or aick. Iiisiruciions lor these are listed in color 
i>n the pages that follow, lou shiuild cheek this list earefull). nv^ting 
an\ item that nia\ lequire \tuir presence or preparation. <.)nl\ items 
whieh require some plannii^g or assisiaiice are listed. 

* Vou slu>uld check oecasidnall) to see if \our students are completing 
the progress chart on page 45. 
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If you did any excursions for this chapter, write their numbers here., SELF-EVALUATION 1 



□1-1. Sunlight reflected from a piece of white paper and passed 
through a spectroscope produces what kind of spfectrum? 



□1-2. Describe the differences between the fluorescent-tube spectrum 
and the sunUght spcQtrum.* 

H . r ■ -.r f j 



□1*3. A Student u!$es a nichrome wire to put a solution of sodium 
chloride into an alcohol flame. He then views, through a spectroscope, 
the light given off. 
A. What type of speftrum does he see? 



B. In the space below, sketch the spectrum of sodium chloride. 



Viol«l Bill* 



QnMn 



V- 

Yellow Orange Red 



□ 1-4, The spectrum below is an example of a (check one) 

bright-line spectrum. 

continuous spectrum. , 



Violet 



Blue 



Qreen 



Yellow 



Orange 



Red 



1 -5 You should prepare (nnr* 
label * Oues i 5 ) a mtxlur* 
of two ot the three suL/- 
stances used in the chapter 
Not% that you can use the 
same ones that were pre- 
pared tor Problem Break VI 
if you desire. 



□ 1-5. Obtain the container labeled "Ques. 1-5" from your teacher. Use 
a flame test to determine which of the elements (Na, Li^ Sr) the solution 
contains. 



□ 1-6. Put a check in those blocks that describe the spectrum produced 
by each of the following sources. 



SELF-EVALUATION 2 



Source 


Continuous 


Bright-Line 


75-watt bulb 






^fluorescent kube 






Sodium vapor lamp 






Reflected sunlight 




— ^ 



If you did any excursions for this chapter, write their numbers here. 



□2-1. Explain ^hy the blades of the sun-energy measurer were blackr 
ened. ' 



28 



□2-2. List at least three lactors that allcct the temperature change ol 
^ ' a sun-energy measurer. 

A. \ . . " ^ 

B. — — 7 — ^ 

a . — ^ — — 

□2-3. Using your sun-energy measurer, meaiure the temperature 
change caused by th£ light bulb that your teacher has prepared. Check 
your answer with your teacher. What was the maximum temperature 
change? 



□2-4. When a sun-energy measurer is placed 50 cm from a 100-watt 
bulb, there is a temperature change of 4"C. If the distance is not 
changed and a second 100-watt bulb is added in parallel, what will the 
temperature change be? 



2 3 Use a 100-watt bulb at a 
drstance of about 15 cm from 
f iiH sun-energy measurer. You 
will probably want to try it.out 
atiead of time and adjust the 
distance so that there is i 
IS'C change. 



□2-5. A sun-energy measurer has a maximum temperature change of 
TC when it is placed 100 cpi from a 150-watt bulb. What will be the 
tyift^ffmnm temperature change when it is placed 50 cm from the bulb? 
/ 



□2* The data iii the table below were obtained using a sun-energy 



pistance 
(cm) 


^ 1 

Initial 

Temperature 

•c 


Final 
Temperature 

»C 


Temperature 
Change 
•C 


10 


25.4' 


• 38.4' 




15 


25.0- 


32.0" 




20 


. ; 25.2« 


29.2" 




25 • 


25,0' 


27.5V 




30 


24.9« 


26.5* * 




35 


25.1* 


26.1* 





K Complete the abave table by calculating ^^temperature change. 



29 



fe. On the j^nd below, plot the temperature change against the dis- 
tance. 

C. Predict the'*temperatur<^ change at 40 cni. 

* ■ 

































-^-v 














\ 


'} 


r 
























r 






















• 










V 




























































16 




14 


o 


12 


i 

c 


10 




u 


8 


e 






6 




4 







10 15 ' 20 25 30 

Distance (cm) 
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SELF-EVALUATION 3 If you did ^ny excursions for this chapter, write their numbers here. 



□3-1. Use the diagrahi b^low to answer this question. The diagram 
illustrates a r^nge finder sighted at an object. 

V A. Label the b^ise Une, the sighting line, and the sighting bar on the 
diagram. a 

B. Suppose the range finder were moved farther from the objects 4)ut 
the sighting hne was kept lined up with the objett. Gheck the phrase 
below that best describes what you would need to do to align the 

a. Move the sighting bar toward the base line, 

Move^e sighting bar aw^y from the base line. • ,y 



c. Leave the sighting bar in the sa'me -position. 



Objeet 



□3-2. The diagram below shows a range-finder scafe similar to the one 
you made for distances of I m to 15 m. 




A. Describe how th^ distance between the scale markings changes • 
as the distance to the object increases. 



•.la 



B. Describe how you could change your range finder so that there 
would be more space between the scale markings. 



03-3. What are some of the factors that limit tte distance you can 
measure with a range finder? 



□3-4. Your teacher has labeled an object "3-4A** somewhere in the 
room; he has also marked withi an "X" a^lace for you to stand. Using 
your range finder, stand at the place marked "X" and sight the ol^ct 
labeled "3-4A." What is the distance to the object? ' 



□3HI. An astronomer made sightings at object Z from two observatories 
located at X and Y as shown injhe diagram below. Whi ch line on the 
diagram represents the base lifl|? (check one) 

a. Line XZ 

. : b. LineXV 

, c Line YZ ^ 

♦ • 

.^.u^ d. None of the above 




3-4 Some vertjcal object. 
Such a5 th# edge of a door, 
a chalid^ard. or a wai! cor- 
ner, should be designated as 
• At a horizontal dis- 

tance of 3-75 meters from fhe 
designated object, mark an 
"X * on the floor. 



Y Observatory 



t 



If you did any excursions for 'this chapter, write their nuVnbers here. 




\ 

□4-1. Using your protractor, measure Vhe four angled shown below. 
The curved line indicates the angle that you are to measure. 




Angle A = 



Angle B = 



Angle C = 



Angle D = 



□A^if^Use the scale drawing below to answer both parts of this qucs- 
UM. (Measure the distance "as the crow flies" not the distance by road.) 

A. I40W far in centimeters is Union Parkfrom Christmas on the draw- 
ing? , 



B. What is the actual distance in miles between Union Park and 
Christmas? 



Q4-3. Use the diagram below for both parts of this question. 

A. As seen from the earth. Planet X is how many degrees from the 
sun? 



B. What is the greatest possible EX-ES angle for Planet X on this 
diagram? « 



□4-4. Use tfee diagram below to ^pswer all parts of this question 



\ 





O Earth 



Sun 



Earth's orbit 



A- Draw in an earlh-sun line on the diagran). 

B- When, as seen from the earth, the Planet Z is at its greatest angle 
from the sun, the angle is IV, Using your protractor, draw in the 
earth-Planet Z line when the EZ-ES angle is greatest (22 degrees). 

C. Using your compass, draw the orbit circle for Planet Z, 

D- Measure the distance between the earth and the sun* Record this 
distance in mm on line 2 of the table below. 

E. On your scale, 1 mm equals how liia^ miles? 

^ , y ' — 

R What is the distance in miles from Planet Z to the sun? 



G. What is the smallest distance between earth and Planet Z? 






Scale 
Drawing 
(mm) 


Actual 
Distance 
(miles) 


1 


Distance froi^i Planet Z to sun 






2 


Distance from earth to sun 




93,000,000 


3 


Smallest distance between earth 
and planet Z 







SELF-EVALUATICN : If you did any cxcut^ions for this chapter, write their nutnb^irs here. 



r 



"□5-1. Describe the relationship between the size of the image formed 
and its distance from the pinhole and the size of the objeipt and its 
distance from the pinhole. 



V 



34 




□ 5-2. Your teacher has prepared an area where you will measure the 
size of a light source troni three ""dincrent distances, l ake a pinholc- 
scrcen instrument)to this area, arid measure the size of the light source 
from Point A, PoTnt B, a/id Point C. Keep the tube at its shortest length * 
The size of the image produced by the source when at 

Point A = 



Point B = 
Point C = 



_ cm across. 
_ am across, 
^cm across. 



□$-3. Using a pinholc-screen instrument, a student made some meas- 
imjmcnts to determine the dianicter of the^oon. Using his data (shown 
below), calculate th^e diameter of the hioon. 

Distance from moon to pinhole = 240,000 miles 

Distanc\from pinhole to screen = 57 cm 

Size ofi^irax^n image on screen J cm 



^ ? S^t up the fiO-wdtt light 
SOtiiXQ with trie 1 cr»i scjua^e 

holtf UntfO up with tht» b^'i^hi 
est ot tho bum Make a 
fjxBf^ fof Point A SO that the 
pinhole IS 21 cm from the 
square Jjple for Point B 
make a nrark at 31 5 cm. tor 
Point C, B mark at 42 cm It 
will help to have the appara 
tus in a darker part of the 
room, it possible. 



Actual distance to moon = 



miles 



□5-4. A light .source that is 6 cm in diameter forms a sharp image 
I cm in diameter on the screen of your tube. The tube is adjusted so 
that the distance between the screen and pinhole is 20 cm. You dp not 
know the distance from the light Murce to the pinhole of your tube, 
A. In the space below, sketch a digram that illustrates this problem. 



B. How far away is the object froift the pinhole? 



If you did any excursions for this chapter, write their numbers here. SELF-EVALUATION 6 



□•-1. Answer the following questions based on the earth-sun^ model 
that you worked with in this chapter. 

A. Through how many degrees, does the earth turn fro|{i sunrise to 
sunset? 



3$ 



V-5i 



V 



• t 



B. How many hours pass between the time the sun is overhead and 
the time it sets? 



□6-2. How many tjme zones would you expect to cross if you made 
a trip around the world? 



}4 



□6-3. The time difference between New York and San Francisco is 
three hours. How many degree^n the surface of the earth does this^ 
represent? , . 



□6-4. A student takes his paper, sinker, and string outside on a bright 
sunny day to measure the movement of the sun. He says that the activity 
is no good because the string does .not cast a shadow. What ^ the 
problem? 



I 



6 5. pro trap Uor [j^s. The diagram below shows two towns located the samcjilistaiicc 

should be available ^gr equator. Determine the time difference between them^ 

this question. f 



Incidentally, the two " 
towns could not both 
be in the cpntinental 
United States because the 
United States is only 
9bout 60^ across* 



Aslrovllle 
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Iggyvllle 




h ■ 



is 



r 



□$-6. Why is it more logical to think that the earth moves around the 
sun, even though youjiave not been al^e to prove it? 



If you did any excursions for this chapter, write their numbers here. 



-I 



□7-1. What is a pyrhelimneter? 



SELF-6VALUATldR7 



□7-2. When y^u dou^fe the distance from a light bulb, what must you 
dolo the wattage oif the bulb to keep the sun-energy measurer reading 
the same? 



□7-3. Complete the table below. 



DISTANCES AND WATTAGES REQUIRED TO KEEP 
THE SAME READING ON A SUN-ENERGY MEASURER 



Measured Distance 


Wattage 


80 cm 


3,200 w^tts 


160 cm 






51,200 watts 


640 cm . 




2,560 cm 


— H#— 



17 



37 



I 



i 
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□7-4. Design an experiment to determine if a blue-colored 50-watl 
light t^ulb produces the same temperature change j^s an uncolorcd J 
50-watt\ light bulb when placed 10, 20, anyd 40 cm away from your 
sun-energy measurer. Use t^ie space below for your answer, 
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Self-EvaKiation Answer Key 
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SBLMVALUATION 1 \| ^ 

1*1. A continuous spectrum. A continuous spectrum is like a rainbo^ of red, orange* yellow, 

green, bl\j^e, and violet Tiy Activity M again if -you had difficulty wiii this question, 

1-a. Ths^ipectrum of 1 fluorescent tube forms a continuous spectrum like that of sunlight and 
in addition you can sec several bright lines on ic Try looking at the spectrum i%ain if you forgot 
what it looked hkc. ^ \ ^ ^ 

H-S. A* Bright-liJc spectrum. The yeUow lincs^(there arc two of them if o^ou look careftiUy) are 
\ caused by the sodii^. The chlorine in the sodium chloride docs 4ot produce a spectrum 
^^tbis temperature. ^ ^ 



Qreen 



Yellow 



Orange 



Red 



Violet ' Blue 
1«4.^Bfight-lin€ spectrum 
1-4. Chedt your j||»wer with your teacher. If you had difficulty in ideatitying the ele^ent(s) 
piesent, you should d6 Activities 1-4 to 1*9 again. 

Your completed chart shoulrf look lik^the one below. Remember that a flHorwocnt tube 
produces bdtK a brigjht-Une and a continuous^ectnmi. 



Source 


• Continuous 


Bright-Line 


7S-watt bulb 


• V ' 




Fluorescent tube • 


✓ 


✓ 


, Sodium vapor tamp 






\ Reflected suntisht 


✓ 





WLMVAUfATION a ' , 

a-l. The bUides wete blackened » that ^ey would absorb light ejyfcrgy and convert it into h<at 
eAeify more cflBclently. You may have noticed this effect in the summer when walking barefoot 
-->>ifs not too bad on tight-colored concrete hut look .out for the black asphalt! 

• ' ■ . . ■■ . ■ ■ • : ..■ ■ -J ' ■ 
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2-2. You could have Iisicd quae a iiumhcr of faciorv including such things as whether or not 
the copper hn had been blackened, but there arc three very important factors: 

A. The intensity of the hght source— the bnghtei the bulb» the greater will be the tcmpcmtuir 
change. 

D. The distarlcc between the sun-energy measurer and the Ught source — the smaller the 

separation, the greater will be the temperature chAnge. 
C. The length of ume that the sun-energy measurer has been exposed to the light source. 

This IS only noticeable for the first few minutes. After that the temperature changes very 

little or not at all. When this equdtbnum temperature is reached, the copper strip is losing 

heat energy as fast as it is absorbing energy from the light 

2*3, Your answer sKSuId be fairly close to 13*C? If you were not close to thi&. answer, you may 
not have alltH^d enough Ume for your sun-encrgy m<ksurer to h^at up. If this doesn't solve your 
problem, check with your teacher to see whether youri sun-energy measurer is working properly. 

2-4, Just about 8*C. Since you hayc doubled the w^tt ige of the light source, you should expect 
that the temperature change should double. If you hid difficulty ^ith this question, you may 
want to try Activities 2-9 and^|rlO again to make sure that ^ou understand the idea. 

2-5, Since you haVe moved the source to half its original distance from the sun-energy measnier, 
you should have predicted a temperature change of about 4^C Try Problem Break 2-1 agiun 
if your prediction was off. 

2-6* A* Your ^lart should be completed as shi^wn below. >^ 



Distance 

> (cm) . 


Initial 
Temperature 


Final 
Temperature 

X 


Temperature 
Change 

•c 


10 


25.4'* 


38.4* 


1?,0* 


15 


25.0' 


32.o; ' 


7.0* 


20 


25.2* 


29.2* 


4,0* 


25 . 


25.0* 


27.5* 


2.5* 


30 




26.5* 


> 


35 


25. !• 


26 1* 





B» Your graph should look Uke the one shown bidow. 
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10 15 20 ' 25 30 
Distance (cm) 



35 



40 



46 60 



C Your predicted value should be about 0.8*C. You call extend the curve on «fe graph 
by a dashed line, as shown. 

\ 

SBLF-EVALUATION 3 

3**t« A* You should have labeled your diagram as indicated below, 



Sighting line 




Objoct 



B» bu Move the sighting bar away from the base Une. If you had difficulty with this question, 
get a range finder from the supply area and try it out 

The maiicings on the scale get closer together as the distance measured increases. 
9. Here was your chance to be %real if ventor. Two of the ideas you may have suggested 
are (a) make the base Une loiiger; (b) make the sighting bar longcrv 

You could have Usted many diffcre^actors. The two mahi ones are (a) the length of the 
base Une; (b) the smaUest an^e that yiwH^n measure. You may also have mentioqed such factors 
as difficulty in keeping the sighting Une pointing at the object while moving the sighting bar. 
and problems lining up the same part of the sighting bar with the object each time. 

3.75 meters. You should be pretty good at measuting distances with your range find|r by 
now. If you are still having difficulties, you may want to discuss this with your teadier. V 
S*«. b. The Une XY represents the base line. Astronomers make sightings from observatories 
many miles apart to mcrease the size of their base Une. This hdps them measure the distance 
to a distant object However, in some cases (such as measuring the distance to the sun or to a 
star)» astronomers find that the angle that is to be measured is so smaU tfiat even using the diameter 
of the earth as a base Une is not enough. (See pages 30 and 31 in yoiur text) Now if we made 
one observation in January and another one in July • 

teUMTOALUATION 4 

4-1. Angle A « 35% Angle B x= 121 % Angle C ^ 90\ Angle O =r 338*. If you measured aU 
four angles correctly, you are doii^ very weU. If you are having difflculQ^ measuring angles, you 
should do Exciirsion 4-3. ^ 

44t. A. 8 centimeters; B. miles. If you look at the scale drawing, you win notice that it says 
that I cm equals two miles. If Union Park is 8 cm. from Christmas and each centimeter equals 
twomUes* then Union Parte is 16.miks from Christmas. If you aw havii^ problems with scale 
diagirams» you should work throu^HE^sursipn 4-1. 

4^ A. Aa se^ from Earth^'PlLict X is 12* from the sun. , 

The ^Wst possible EX-ES angle for Planet X in this diagram is 45*. 
If your answcnire not withiti one to two degrees of the answer given^ you should check with 
your teacher or re^ew pages }5. 37. and 40 in your text 



4*1. %0 ttucf^ints may have 
difficulty with 338*. Thay 
have not t)een ciRled upon to 
measure an angle CM^ater 
than ISC'* previously. You 
may have to show them either 
of two methods: 

(a) Extend one side of the 
angle through the vertex to 
make a straight angle; meae- 
ure the angle between this 
exfsnsion and the other side 
of the angle OSS'"); add this 
measurement to 180^. 

(b) Measure the acute angle 
(the part withotit the curved 
line, 22^) with the protractor; 
subtract this measurement 
from360^ 
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4-4. A» B» C. Your diagram should look like the one shown below. D» E. The distance you 
should have measured between the earth and the sun is 64 mm. so that on your scale 1 mm 1= 
1,4.50.000 mijes. F. Planet Z should be about 24 mm from the sun lliis is equal to 34.800»000 
miles. O. The smallest distance between the earth and Planet Z is 4(J mm. This is equal to 
38»200.000 miles. If you got all parts of this question correct, you did very well. If you had fomc 
diHiculties; you may want to review pages 40 and 41 in your text \\ 




diEarth 
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SELF-EVALUATION 5 ^ 

5r»1« The relatioDship can^ stated as a simple ratio or proportion. (See page 47 in your text) 

Distance across the object Distance from object to the pinhole 

^- --i- • — _ — ^ — - — ^ — — ^ ^ . ^ ■ 

Pistfuicc across the image Distance from image to the pinhole 



t-2« In this experiment you detennined the sire of the image on the screen produced by a source 
pUced at three different discances from the pinhole. You kept the pmjiole-scrccn distance constant 
(42 cm). 

The stie of the inuge produced by the source, when at 

Point A so 2.0 cm across. 

Point B as 1,5 cm across. 

Pbint C a 1.0 cm across. 
If you need help, review pages 46 and 47 in your text 

8-3, The lelationsliip you need for this problem is as follows: 

Distance j^^^^ ^^ject to pinhole ^^^^ 

across » — ' — ^ X across 

object - of pinhole to scrcea ^^^^ ^ 

Substitiiting the studenVs dau hito ttjis relationship we get the following. * 

Distance 
across = 



2£00M«xicn,=. 2.105 miles 
pioon / ^\ ^ 



If your answer is around 2,100 mtl^ you did welL If ypu had problems, you might want to review 
pages 48 and 49 in your text k. 

K Your sketch should look something like the one below. ' < 




Inrnga sin 16 om In dlamator 



Use tbe relationship given in the. answer to 5-3 above. 

6 cm Distance ftom object to, pinhole 
20 pm 



I cm 

240 cm a Distance ftom objeql to pinhole 

i 



MMMLUAtlOMe / 

A. From sunrise to sunset the earth makes one half a tunu or 180*. 

From ^oon (sun overhead) to suosei the earth makes one quarter of a turn and ttiis takes 
6 hottinl ' • \ V 

' Yoit may nmlizethat hi acttial filct the-day b longer than the night in summer ana shorter in 
wittter. The simjple model that you used at th^be^nning of this chapter does not predict or explain 
dkia f^ If you. had diiBcul^ answering tht^ questions, take another look at Activities 6-1 to 



6-101 
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5- 2. Since It takes 24 houni fof the earth to make one rotation on its axis'antl there is a time 
iiirtef^rncc of I houi between time /ones, vou wouUI cioss 24 tunc zones ui a tnp aiound the 
world I akc another look at page >8 il vou had dithculty with this 

6- 3. li\ activities 6-11 to 6 13. vou determmcd that the sun apj>rars to move through an apglc 
of 15" each hour Since New York and San \ ranciv^o are 3 houis apart, they ate 3 x 1^*. or 
45° apart Actually, it is 45" between concsjxMiding j>oints in these time zones New York City 
and San I tancisiX) are not corresponding pi)ints. and the actual separation between the two is 
a httle over 48*. 

6-4. This IS a re^stinker of a question, no doubt you had to think about it for a while. The 
trick IS that the sun is almi>st directly oveihead so that the shadow of the iihkcr hides the shadow 
of the string. 

6-5. The two towns are 75" Apart Suicc the sun appears to move 15* each hour, the tjme diffcrcacc 
between the two towns is 5 hours. \ 

6-6. You might have ^ dBB ^at the sun would have to move at an unreasonable speed to travel 
all the way around eacMiy, If the earth is tummg on its aXxs. it would not have to be traveling 
nearly so fast ^ 



SELF-EVALUATION 7 « - 

7-1, You should have realized that a pvrheliometer is just a device for measuring the light cnci^gy 
that reaches the earth from the sun. Your sun-energy measurer is a simple type of pyrhcliomet^. 

7-2. You would have to increase the wattage of the source by a factor of 4 in order to keep 
the same reading. You should review pages 62 and 63 of your text if you had difficulty withj^ 
question. 

7-3. Your completed table should look like the one shown below. 
Review pages 62 and 63 if you had problem s^with this table. 



DISTANCES AND WATTAGES REQUIRED TO KEEP 
THE SAME READING ON A SUN-BNERGY MEASURER 



Measured Distance 


Wattage ^ 


80 cm 


3,200 watts 


160 cm 


, 

^ ^ 12,800 watts 


320 cm 


51,200 watts 


640 cm 


204,800 watts 


2,560 cm 


3,276,800 watu 



7-4. Your answer should have indicated that you would place one' of the bulbs at etch. of the 
distances, measuring the temperature c^tknge each time. You should then have used the other 
bulb at the same distances and made the same measurements. A comparison of the temperature 
changes would tell you which gives olf more energy. You could have also been sneaky and done 
the experiment an easier way. Just set up the clear bulb at one of the distances and measure 
the temperature chaqge it causes. Then put both bulbs in the parallel socket at the same distance 
and measure the temperature change. If the temperature change just about doubled, you i^ould 
know that the two bulbs were each giving off the same .amount of energy , at that distance. 



Si 



My Progress 



Keep track of your progress in the course by plotting the percent 
correct for each Self Evaluation as you complete it. 

Percent correct = . Numbef correct ^ 
Number of questions 

To find how you ai'e doing,* draw lines connecting these points. After 
you've tested yourself on all chapters, you may want to draw.a best-fit 
line. But in the meantinie, unl(fss you always get the same percent 
correct, your graph will look lik^ a series of mountain peaks. 

RECORD OF MY PROGRESS 
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